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COLOR FILTER 

BACKGROUND 

Color ?lters may be used to display color images, such as 
on display devices including computer monitors, television 
sets and the like. Heretofore, color ?lters have been fabricated 
using a lithographic process Wherein photo sensitive materials 
are deposited on a substrate in a vacuum chamber. This fab 
rication process is time consuming, expensive, and may result 
in color ?lters having defects, including inadequate bright 
ness or color inconsistency, such that the color ?lter may be 
discarded. Accordingly, it may be desirable to provide a color 
?lter, and a method of manufacturing the same, that may be 
manufactured With reduced expensive and time, and may 
have a reduced number of defects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic perspective vieW of one embodi 
ment of a color ?lter. 

FIG. 1B is a detailed top schematic vieW of region B of the 
color ?lter of FIG. 1A, shoWing one embodiment of a plural 
ity of individual pixels of the color ?lter. 

FIG. 2 is a schematic side partial cross-sectional vieW of 
one embodiment of a color ?lter including multiple layers of 
the color ?lter. 

FIG. 3 is a schematic cross-sectional side vieW of one 
embodiment of a printer utiliZed for forming a color ?lter. 

FIG. 4 is a schematic cross-sectional side vieW of another 
embodiment of a printer utiliZed for forming a color ?lter. 

FIG. 5 is a schematic front vieW of one embodiment of an 
image display device that includes one embodiment of a color 
?lter. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic perspective vieW of one embodi 
ment of a color ?lter 10 including a substrate 12 and a color 
pattern 14 formed thereon. Substrate 12 may be manufactured 
of glass, plastic, or any other suitable material. In the embodi 
ment shoWn, color pattern 14 includes a ?rst pattern layer 16, 
a second pattern layer 18, and a third pattern layer 20. Each of 
pattern layers 16, 18 and 20 may be redundant pattern layers 
formed sequentially on top of each other. 

FIGS. 1B and 2 are a detailed top schematic vieW, and a 
schematic partial cross-sectional side vieW, respectively, of 
the color ?lter of FIG. 1A, shoWing one embodiment of a 
plurality of individual pixels 22 of color ?lter 10. Each of 
pixels 22 and subpixels 26, 28 and 30 may be separated by a 
matrix region 24 that may surround each of pixels 22 and 
subpixels 26, 28 and 30. (In FIG. 2, matrix region 24 betWeen 
each of subpixels 26, 28 and 30 is not shoWn for ease of 
illustration). Each of pixels 22 may be substantially square in 
shape and the ?rst, second a third color or subpixel regions 
may each be substantially rectangular in shape and may each 
occupy substantially one third of an area of said pixel. Each 
pixel 22 may extend doWnWardly through each of layers 16, 
18 and 20. Each of pixels 22 may include a plurality of 
individual color regions, for example, a red color region 26, a 
green color region 28 and a blue color region 30. Each of 
regions 26, 28 and 30 may be printed as a single dot or as 
multiple dots of ink from a printing device (see FIG. 3) during 
fabrication of color ?lter 10. Matrix region 24 may be a black 
color. During use of color ?lter 10, individual subpixels of 
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2 
color regions 26, 28 and 30 may be activated or deactivated so 
as to provide a color image on the color ?lter for vieWing 
purposes. 

Each of layers 16, 18 and 20 of color ?lter 10 are shoWn 
having a substantially identical or a redundant color pattern 
14. Substantially identical or redundant color patterns of each 
of the layers of the color ?lter 10 may be de?ned as each layer 
being identical except for immaterial differences With respect 
to the other layers. Such immaterial differences may include 
random pixels or portions of pixels (Which may be referred to 
as printed dots) that may not have been properly printed, 
thereby leaving a defect, such as a hole 32, in a pixel 22 or in 
a portion of pixel. Such defects, including random missing 
pixels 22 or portions 26, 28, 30 of pixels 22, in one embodi 
ment, may de?ne a probability of l><l0e-4, for example, of 
not being printed. Accordingly, if l><l0e5 dots are printed in 
one layer, such as in layer 16, of a color pattern then, on 
average, 100 dots Will either not be printed in that layer or Will 
be printed With some form of defect, i.e., there may be 100 
defects 32 in the layer. If a second layer, such as layer 18, is 
printed on ?rst layer 16, With the same probability of random 
defects, the number of random defects 32 that Will be exactly 
aligned With a defect in underlying layer 16, may be less than 
one defect 32 per printed color ?lter. If a third layer, such as 
layer 20, is printed on second layer 18, With the same prob 
ability of random defects 32, the number of random defects 
32 that Will be exactly aligned With a defect in both of under 
lying layers 16 and 18, may be less than l><l0e-l2 per printed 
?lter 10. Accordingly, in one method of reducing defects in a 
color ?lter, by using redundant or substantially identical color 
pattern layers, Wherein each of the layers may have a prob 
ability of having a number of defects, the number of defects 
32 per printed color ?lter 10 that extends through the entire 
thickness 1 0a of each of the multiple layers may be drastically 
reduced When compared to prior art processes of manufac 
turing color ?lters. 

In the embodiment shoWn, the substantially identical color 
pattern 14 comprises aligned roWs 34 and columns 36 of 
pixels 22 With matrix region 24 separating the pixels and 
subpixel or color regions, Wherein the pattern of pixels 22 in 
third layer 20 is the same pattern of pixels 22 in second layer 
18, Which is also the same pattern of pixels 22 in ?rst layer 16. 
In other Words, a red region 26 of a pixel 22 in third layer 20 
is aligned With a red region 26 of a pixel 22 in second layer 18, 
Which is in turn aligned With a red region 26 of a pixel 22 in 
?rst layer 16. 
As shoWn in FIG. 2, a defect or unprinted dot 32a is shoWn 

in second layer 18, beloW a red region 26a in third layer 20 
and above a red region 2611 in ?rst layer 16. Due to the 
multiple layering fabrication process used to manufacture 
color ?lter 10 in the present invention, layers 16 and 20 Will 
provide su?icient brightness and color consistency in the 
region of defect 32a. Stated another Way, in a three layered 
color ?lter, a defect 32a in one layer Will reduce the color 
saturation and/or increase the brightness of a particular pixel 
or subpixel region 26a by only approximately 33% because 
the tWo layers Which are printed in the particular defect region 
3211 Will likely be properly printed. A color saturation reduc 
tion and/or brightness increase of only approximately 33%, 
i.e., a slight color ?ltering ef?ciency loss may be su?icient to 
categoriZe the pixel 2211 as effective and not defective. 
Accordingly, even though a dot 32a may not be printed Within 
one of the three layers, the particular pixel 2211 may provide 
suf?cient color and/or brightness as to be deemed effective. 

Similarly, in a tWo layered color ?lter, a defect 32a in one 
layer Will reduce the color saturation and/ or increase the 
brightness of a particular pixel or subpixel region 2611 by 
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approximately 50% because the remaining layer Which is 
printed in the particular defect region 3211 Will likely be prop 
erly printed. In a four layered color ?lter, a defect 32a in one 
layer Will reduce the color saturation and/or increase the 
brightness of a particular pixel or subpixel region 2611 by 
approximately 25% because the remaining three layers Which 
are printed in the particular defect region 3211 Will likely be 
properly printed. Accordingly, the probability of random 
defects in the color ?lter may be drastically reduced by print 
ing redundant layers of the same color pattern. The number of 
layers utiliZed may be any number as desired. However, for 
high pixel density displays, Where a Wide vieWing angle is 
desired, it is preferable to minimiZe the color ?lter’s total 
thickness, to avoid color and/or brightness changes related to 
vieWing angle. For high pixel density displays, each layer 
should be as thin as possible, and the minimum number of 
layers should be chosen that can meet defect and manufac 
turing yield limits. The thickness 10a of color ?lter 10 may be 
chosen based on a percentage of the full colorant value that 
may be desired. For example, if a 50% brightness of the full 
colorant value is acceptable, then only tWo layers may be 
utiliZed. If a 67% brightness of the full colorant value is 
acceptable, then three layers may be utiliZed. If a 75% bright 
ness of the full colorant value is acceptable, then four layers 
may be utiliZed, and so on and so on. 

FIG. 3 is a schematic, partial cross-sectional side vieW of 
one embodiment of a printer, such as a liquid electro photo 
graphic (LEP) printer 60. In the embodiment shoWn printer 
60 includes a body 62 that houses a laser 64, a charge device 
66, a photoconductor drum 68, electrostatic color developers 
70, an intermediate transfer drum 72 and an impression cyl 
inder 74. In one example embodiment, color developers 70 
may include red toner 70a, blue toner 70b, green toner 70c 
and black toner 70d. Of course, any number and any mix of 
colors may be utiliZed. 

In use, charge device 66 places a uniform coating of charge 
on drum 68. Laser 64 then sWeeps across drum 68 to create a 
latent image. One of the electrostatic color developers 70 is 
then moved from a retracted to an engaged position adjacent 
drum 68 and deposits toner across the surface of drum 68 as 
the drum is rotated. The toner is attached to uncharged areas 
of drum 68 and is repelled by charged areas of drum 68 to 
form a layer of one color, such as a layer of red color from 
toner 70a. The layer is then transferred to transfer drum 72. 
The process is then repeated to form as many redundant layers 
of the particular color toner as is desired Wherein after each 
layer is positioned on drum 68, the layer is transferred to 
intermediate drum 72. The same process is then repeated for 
a second color, a third color, and so on until a solid pattern 
having as many colors and as many redundant layers as 
desired, is positioned on intermediate transfer drum 72. 
When the desired number of colors and redundant layers is 

positioned on intermediate transfer drum 72, such as layers 
20, 18 and 16, each layer including color regions 26, 28, and 
30, and matrix region 24; the image is transferred to a sub 
strate 12 (see FIG. 1) that is moved betWeen transfer drum 72 
and impression cylinder 74 to form color ?lter 10 (see FIG. 1). 
Each of layers 20, 18 and 16 may include a defect 32, such as 
a hole. HoWever, due to the use of multiple layers, and due to 
the probability that the defects in each of the individual layers 
Will not be aligned With one another, a solid color pattern is 
formed on substrate 12. 

In other embodiments, printer 60 may be a dry electro 
photographic printer. In still other embodiments, a combina 
tion of litho graphic and deposition techniques may be utiliZed 
to form the multiple layers of color ?lter 10. 
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4 
In one embodiment, a Width 50 of drum 68 may de?ne a 

maximum Width 52 (see FIG. 1) of color ?lter 10. For 
example, Width 50 of drum 68 may be approximately ?fteen 
inches such that a single color ?lter 10 having a Width 52 (see 
FIG. 1) of approximately ?fteen inches and a length 53 of 
approximately nine inches, for example, may be printed by 
printer 40. Accordingly, color ?lter 10 may be manufactured 
individually in a relatively small fabrication area. In another 
Way of describing a siZe of color ?lter 10, the color ?lter may 
be formed having a height and Width aspect ratio of 3x4, 
9x16, or any other aspect ratio as may be desired. 

FIG. 4 is a schematic partial cross-sectional side vieW of 
one embodiment of a printer 40 utiliZed for printing a color 
?lter 10 (see FIG. 1A). Printer 40, in the embodiment shoWn, 
includes a printhead 42 for printing ink 44 though the noZZles 
of an ori?ce plate 46 onto substrate 12. Ink 44 may include 
pigment, dye, polymers, or any other component as desired 
for a particular application. Printhead 42 may include a cham 
ber divided into, for example, four compartments for holding 
four different types or colors of ink therein. In the embodi 
ment shoWn, red ink 44a, green ink 44b, blue ink 44c and 
black ink 44d may be contained With printhead 42 and may be 
printed by the printhead 42 through ori?ce plate 46. In 
another embodiment, ink 44 may be contained in an ink 
cartridge or ink container positioned remote or off-axis from 
printhead 42. 

During printing of color ?lter 10, a layer 16 may be printed 
on substrate 12. Layer 16 may be printed With multiple passes 
to de?ne each of individual color regions 26, 28 and 30 and 
matrix region 24 (one such set of color regions 24, 26, 28 and 
30 is shoWn for ease of illustration). In another embodiment, 
the entirety of layer 16 may be printed in a single pass utiliz 
ing different noZZles of ori?ce plate 46 to print the individual 
inks 44a-44d to de?ne color regions 24, 26, 28 and 30. During 
printing of layer 16, one or more defects 32 may be printed in 
layer 16 (only one defect 32 is shoWn in cross-section for ease 

of illustration). 
After printing of layer 16 on substrate 12, layer 18 may be 

printed directly on layer 16. Layer 18 may be more easily 
printed on layer 16 than on substrate 12 such that layer 18 may 
have feWer defects 32 than printed layer 16 (only one defect 
32 is shoWn in cross-section for ease of illustration). Layer 18 
may be more easily printed on layer 16 than on substrate 12 
(or on drum 68 as shoWn in FIG. 3) because the toner material 
of the color pattern may more easily adhere to an underlying 
toner layer than to a surface of different material, such as the 
surface of substrate 12 or drum 68. Accordingly, in a second 
method of reducing defects in a color ?lter, multiple layers are 
formed Wherein the second and any succeeding layers may 
have a probability of feWer defects than an initial layer that is 
deposited directly on a substrate or on a drum. Additionally, 
any defects 32 Within layer 18 have a large probability of not 
being aligned With any defects 32 Within layer 16. Accord 
ingly, after printing of layer 18 on layer 16, substrate 12 Will 
likely be completely covered With a solid ?lm, i.e., a ?lm 
Without defects that extend completely through both layers 18 
and 16 that de?ne color pattern 14 positioned on substrate 12 
at that time. Moreover, the color pattern of layer 18 may be 
aligned With the color pattern of layer 16 such that individual 
color regions 26, 28 and 30 and matrix region 24 (one such set 
of individual color regions is shoWn for ease of illustration) 
Will be aligned With a corresponding individual color region 
in layer 16. 

After printing of layer 18 on layer 16, layer 20 may be 
printed directly on layer 18. Layer 20 may be more easily 
printed on layer 18 than on substrate 12 such that layer 20 may 
have feWer defects 32 than printed layer 16. Any defects 32 
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Within layer 20 have a large probability of not being aligned 
With any defects 32 Within layers 18 or 16. Accordingly, after 
printing of layer 20 on layer 18, drum 48 Will more likely be 
completely covered With a solid ?lm, i.e., a ?lm Without 
defects that extend completely through the three layers that 
de?ne color pattern 14 at that time. Moreover, the color pat 
tern of layer 206 may be aligned With the color pattern of 
layers 18 and 16 such that individual color regions 26, 28 and 
30 and matrix region 24 (one such set of individual colors 
regions is shoWn for ease of illustration) Will be aligned With 
a corresponding individual color region in layers 18 and 16. In 
such an embodiment, three layers 1 6, 18 and 20 are positioned 
on substrate 12 and Will likely de?ne very feW, if any, defects 
32 that extend completely through each of the three layers. 

In this manner, color ?lter 10 may be manufactured Without 
requiring a vacuum, masking, etching, or other fabrication 
steps currently utiliZed in the prior art lithographic fabrication 
process. Moreover, due to the use of multiple layers, such as 
tWo or more layers Within color pattern 14, any defects in the 
?lm Will likely extend through a single layer. At any given 
location Within color pattern 14, therefore, at least one layer 
Will likely be present. Accordingly, color ?lter 10 provides 
greater defect tolerance and more uniform brightness and 
color than prior art color ?lters. In particular, the method of 
manufacturing color ?lter 10 may reduce defects in tWo dis 
tinct Ways. First, the use of multiple layers Will likely result in 
the covering of defects in loWer levels such that a solid pat 
terned layer may extend across the color ?lter. Second, the use 
of multiple layers Will likely result in a redundant layer or 
layers more readily adhering to underlying layers thereby 
providing an upper layer having less defects than a loWermost 
layer. Moreover, printer 40 may have a Width 50 that corre 
sponds With the dimension of one side of a single display, 
such that color ?lter 10 may be manufactured in a small Work 
area. 

FIG. 5 is a schematic front vieW of one embodiment of an 
image display device 74 that includes one embodiment of 
color ?lter 10. Image display device 74 may comprise a 
electronic computer monitor, a television set, a liquid crystal 
display, or any type of image display device that may utiliZe 
a color ?lter. In this embodiment, color ?lter 10 may be 
approximately ?fteen inches by nine inches in siZe. HoWever, 
color ?lter 10 may be printed in any siZe for a particular 
application. 

Other variations and modi?cations of the concepts 
described herein may be utiliZed and fall Within the scope of 
the claims beloW. 

We claim: 
1. A method of making a color ?lter, comprising: 
printing a ?rst layer of a pattern on a drum, said pattern 

including a plurality of pixels, each pixel including a 
plurality of individual color regions; 

printing a second layer of said pattern on said ?rst layer, 
said second layer being substantially identical to said 
?rst layer; and 

simultaneously transferring said ?rst and second layers to 
a substrate. 

2. The method of claim 1 Wherein said drum comprises one 
of a liquid electro photographic drum and a dry electro pho 
tographic drum. 

3. The method of claim 1 Wherein said individual color 
regions of said ?rst layer of said pattern are each printed 
sequentially until said pattern of said ?rst layer comprises a 
continuous ?lm, and thereafter, said individual color regions 
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6 
of said second layer of said pattern are each printed sequen 
tially until said pattern of said second layer comprises a 
continuous ?lm. 

4. The method of claim 1, prior to said transferring, further 
comprising printing a third layer of said pattern on said sec 
ond layer, said third layer being substantially identical to said 
second layer and, thereafter, transferring said ?rst, second 
and third layers to said substrate. 

5. The method of claim 1 Wherein said individual color 
regions include a red region, a green region and a blue region. 

6. The method of claim 1 Wherein said ?rst and second 
layers are printed With ink including one of a pigment and a 
dye. 

7. The method of claim 1 Wherein said color ?lter is a 
component of a liquid crystal display device. 

8. A method of making a color ?lter, comprising: 
forming a ?rst layer of a color ?lter pattern including a 

plurality of individual color regions; 
forming on said ?rst layer a second layer of said color ?lter 

pattern including a plurality of individual color regions, 
Wherein said second layer is substantially identical to 
said ?rst layer such that defects present in said ?rst layer 
are covered by said second layer, and Wherein said sec 
ond layer is formed on said ?rst layer in a same direction 
as said ?rst layer; and 

simultaneously transferring said ?rst and second layers to 
a substrate. 

9. The method of claim 8 Wherein said ?rst layer is formed 
on a drum and thereafter said ?rst and second layers are 
transferred to said substrate. 

10. The method of claim 8 further comprising forming on 
said second layer a third layer of said color ?lter pattern 
including a plurality of individual color regions, Wherein said 
third layer is substantially identical to said second layer such 
that defects present in said second layer are covered by said 
third layer. 

11. The method of claim 8 Wherein said color ?lter pattern 
is not symmetrical about a center point of said color ?lter 
pattern. 

12. A method of reducing defects in a color ?lter, compris 
mg: 

forrning a ?rst layer of a color pattern, said ?rst layer 
de?ning a ?rst defect density; 

forming a second layer of said color pattern on said ?rst 
layer in a same orientation as said ?rst layer, said second 
layer de?ning a second defect density at most the same 
as said ?rst defect density, 

Wherein said color pattern includes a third defect density 
less than said ?rst defect density and said second defect 
density; and 

simultaneously transferring said ?rst and second layers to 
a substrate. 

13. A method of reducing defects in a color ?lter, compris 
mg: 

forrning a ?rst layer of a color pattern, said ?rst layer 
de?ning a ?rst defect density; and 

forming a second layer of said color pattern on said ?rst 
layer, said second layer de?ning a second defect density 
less than said ?rst defect density, 

Wherein said color pattern includes a third defect density 
less than said ?rst defect density and said second defect 
density, and 

Wherein said ?rst and second layers are simultaneously 
positioned on a substrate. 

* * * * * 


